Abstract Accumulative evidence from recent genotype × intervention studies suggests that individuals carrying susceptible genotypes benefit more from intervention and provides one avenue to identify subgroups that respond differentially to intervention. This study examined the moderation by glucocorticoid receptor (NR3C1) gene variants of intervention effects on the developmental trajectories of alcohol abuse through adolescence. Participants were randomized into Fast Track intervention and control groups self-reported past-year alcohol abuse annually from grade 7 through 2 years post-high school and provided genotype data at age 21 (69% males; European Americans [EAs] = 270, African-Americans [AAs] = 282). Latent growth curve models were fit to examine developmental trajectories of alcohol abuse. The interactions of 10 single nucleotide polymorphisms (SNPs) in NR3C1 with intervention were examined separately. Both EAs and AAs showed significant increases in past-year alcohol abuse with substantial inter-individual differences in rates of linear growth. AAs showed lower general levels and slower rates of linear growth than EAs. Adjusting for multiple tests, one NR3C1 SNP (rs12655166) significantly moderated intervention effects on the developmental trajectories of alcohol abuse among AAs. Intervention effects on the rates of linear growth were stronger among AAs carrying minor alleles than those not carrying minor alleles. The findings highlight the importance of taking a developmental perspective on adolescent alcohol use and have implications for future intervention design and evaluation by identifying subgroups that could disproportionally benefit from intervention.
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Introduction
Alcohol and other drug use during adolescence remains a major public health issue. Adolescent alcohol use, particularly when initiated at an early age and abuse (e.g., binge drinking, drunkenness), is strongly associated with a wide variety of problems and adverse outcomes in late adolescence and young adulthood, such as driving under the influence, suicidal ideation, risky sexual behavior, substance use disorder, and antisocial behavior (Duncan et al. 1997; Newcomb and Bentler 1988) . Globally, alcohol use and related problems (e.g., injury and disease) bring tremendous societal costs and economic burden (Rehm et al. 2009 ). Therefore, effective and early interventions with long-term effects are needed to prevent adolescent alcohol use.
The base rates of alcohol use and abuse in the general population are typically low in early adolescence, but the proportion of youth who use alcohol increases throughout adolescence (Johnston et al. 2010; SAMHSA 2002 SAMHSA , 2013 . A developmental perspective on alcohol use in adolescence emphasizes the importance of examining the growth pattern of alcohol use (e.g., increase or decline) over this developmental period using longitudinal modeling such as latent growth curve models (Duncan et al. 2006; Schulenberg and Maggs 2002) . Individual differences in the rates of growth (e.g., faster or slower increase) in alcohol use and abuse are likely to be more predictive of subsequent problems and adverse outcomes. For instance, it has been shown that faster increase in alcohol use during adolescence is associated with more antisocial behavior and substance use problems in young adulthood (Duncan et al. 1997; Mason et al. 2010 ). In addition, large-scale national surveys have demonstrated considerable racial/ethnic differences in alcohol use and abuse during adolescence. Notably, African-American (AA) adolescents generally report lower levels of alcohol use than European American (EA) adolescents (French et al. 2002; SAMHSA 2002) . However, AAs who use alcohol experience more alcohol-related problems than EAs (French et al. 2002; Wallace 1999) . This finding highlights the importance of better understanding ethnic differences in developmental trajectories of alcohol use.
Meta-analyses and reviews have demonstrated the efficacy and effectiveness of many interventions preventing alcohol use in adolescents and young adults (Foxcroft et al. 2003; Smit et al. 2008; Tobler et al. 2000) . Particularly, many interventions with randomized control trials (RCTs) have been shown to reduce the rates of growth of alcohol use during adolescence (e.g., Mason et al. 2003; Taylor et al. 2000) . However, intervention impacts generally have modest effect size, especially with regard to long-term effects. To better allocate limited intervention resources and to achieve optimal and long-term outcomes, research has begun to prioritize the identification of subgroups of the population that respond differentially to interventions, as well as individual characteristics that identify these subgroups Bloom and Michalopoulos 2013) . These individual characteristics can provide potential markers or targets for future adaptive and tailored interventions to maximize the fit between individuals and intervention programs to strengthen and bolster intervention effects.
One promising avenue for detecting differential responses to interventions comes from genotype-environment interaction based on genetic differential susceptibility (Belsky et al. 2007; Belsky and Pluess 2009) . Genotype-environment interaction studies suggest that genetic susceptible individuals are especially responsive to environmental influences. Under negative environmental conditions without sufficient resources and support, genetic susceptible individuals develop more adverse outcomes than less susceptible individuals; in positive conditions with ample resources and support such as intervention, however, genetic susceptible individuals achieve better outcomes (Belsky et al. 2007; Belsky and Pluess 2009 (van Ijzendoorn and BakermansKranenburg 2015) . To our knowledge, there are currently five empirical RCT studies that have examined genetic moderation of intervention effects on adolescent alcohol use, finding supportive evidence of genetic differences in intervention susceptibility among AAs Brody et al. 2009b Brody et al. , 2013b Brody et al. , 2014 and predominantly EAs . Most of these studies focused on DRD4 Brody et al. 2013b Brody et al. , 2014 Cleveland et al. 2015) , while some also examined 5-HTTLPR (Brody et al. 2009b; Cleveland et al. 2015) , DRD2 and γ-aminobutyric acid (GABA) receptor coding genes (Brody et al. 2013b) . Albert et al. (2015a, b) recently evaluated whether glucocorticoid receptor (NR3C1) gene polymorphisms moderated the impact of the Fast Track intervention on adult externalizing psychopathology. Specifically, they found that EAs carrying a variant of NR3C1 (rs10482672) in intervention group had the lowest risk for externalizing psychopathology including substance abuse and antisocial behavior at age 25 years, the effects of which were partly mediated by childhood externalizing psychopathology and adolescent problem behavior (Albert et al. 2015a, b) . Glucocorticoid receptor proteins coded by NR3C1 genes are involved in inhibitory signaling processes of the hypothalamus-pituitary-adrenal (HPA) axis, a core biological mechanism underlying human response to environmental stress. More specifically, the hypothalamus initiates a cascade of neuroendocrine signaling that mobilizes the body's resources to resolve perceived threat, with one response component being the release of the glucocorticoid hormone cortisol, which is involved crucially in the negative feedback loop that inhibits further hormone secretion and HPA axis activity to return homeostasis (DeRijk et al. 2008) . Polymorphisms in NR3C1 have been associated with glucocorticoid resistance and reduced HPA axis negative feedback (DeRijk et al. 2008) , as well as a variety of behavioral phenotypes including adolescent alcohol abuse (Desrivieres et al. 2011) . Evidence also suggests that individual differences in glucocorticoid signaling are associated with differential response to intervention. For instance, the evaluation of an intervention aiming to reduce disruptive behaviors reported that children with low cortisol stress reactivity to experimental challenge responded less favorably than children with high cortisol stress reactivity (van de Wiel et al. 2004 ).
The Current Study
A key limitation of the aforementioned studies is that they only examined differences in the levels of alcohol use at a particular time, rather than differences in the rates of growth of alcohol use through adolescence. Based on prior research, it is plausible that individuals with susceptible genotypes could show increased intervention effects on the rates of growth of adolescent alcohol use. For example, one longitudinal study reported that the rates of growth of substance use among AAs during early to mid-adolescence (11 to 14 years) were slower among carriers of the 5-HTTLPR short allele variant receiving high levels of involved-supportive parenting (Brody et al. 2009a) . Using longitudinal data from the Fast Track intervention and control groups, the primary goal of this study was to examine the potential moderation by NR3C1 variants of intervention effects on the developmental trajectories, especially the rates of growth, of adolescent alcohol abuse. We fitted a latent growth curve model to eight waves of past-year alcohol abuse self-reported annually from grade 7 through 2 years post-high school to examine the developmental trajectories of alcohol abuse. Intervention status, NR3C1 genotype, as well as their interaction, was included to predict the intercept and linear slope of the latent growth curve model. Based on prior research, we expected that participants would demonstrate substantial increase in alcohol abuse throughout adolescence and that individuals carrying susceptible NR3C1 genotypes would benefit more from the Fast Track intervention than individuals without susceptible genotypes, therefore showing slower rates of increase.
Methods The Fast Track Randomized Control Trial
The Fast Track trial was implemented as a multi-site RCT in the early 1990s to test whether the developmental outcomes of young children at high risk for long-term antisocial behavior could be improved through random assignment to a sustained, multi-component behavioral intervention (CPPRG 1992; . Participants were selected using a multiple-gating screening procedure, resulting in enrollment of 891 children with very high levels of conduct problems at the time of school entry (see Supplementary Fig. 1 for design diagram). Written informed consent from parents and oral assent from children were obtained. Parents were paid for completing interviews, and intervention-group parents were paid for group attendance. All procedures were approved by the Institutional Review Boards of participating universities.
The first stage of the screening procedure relied on teacher reports of classroom conduct problems of 9594 kindergarteners in three cohorts (1991) (1992) (1993) , using the Teacher Observation of Child Adjustment-Revised Authority Acceptance Score (Werthamer-Larsson et al. 1991) . Children scoring in the highest 40% within cohort and site were solicited for the second gate of screening: parent-rated home behavior problems, using a 22-item instrument based on the Child Behavior Checklist (CBCL; Achenbach 1991a). Teacher and parent scores were standardized within site and summed to yield a severity-of-risk screen score. Children were selected for the study based on this risk score, moving from highest down until desired sample sizes were reached within sites, cohorts, and conditions. Nine hundred seventy-nine children (10% of total) were solicited to yield a sample of 891 participating children (91% consent; intervention n = 445; control n = 446). At selection, participant mean age was 6.58 years (SD = 0.48). Ethnicity varied (51% AA, 47% EA, 2% others), and 69% were boys. The mean externalizing problem score for the Teacher's Report Form of the CBCL (Achenbach 1991b) was 1.6 SDs above the national mean. The sample was high-risk in many ways: 58% had single parents, 29% of parents had not completed high school, and 35% of families were in the lowest socioeconomic class.
Children were selected from each of four geographic sites: Durham, NC; Nashville, TN; rural PA; and Seattle, WA.
Elementary schools (n = 55) in neighborhoods with very high rates of crime and economic disadvantage were divided into paired sets (one to three sets per site) matched for demographics, and one set was randomly assigned to intervention and one to control. Children who were randomly assigned to the intervention condition received 10 consecutive years of prevention services (grades 1-10; see CPPRG 1992, 2000 for details). Elementary school programming targeted social, cognitive, emotional, and self-control deficits implicated in aggression toward peers, social rejection, academic failure, and disruptive and oppositional behavior toward authorities. Programming in middle and high school years targeted issues known to be salient at critical developmental transitions (e.g., programs in middle school addressing parental supervision and adolescent decision making relevant to alcohol, tobacco, and substance use). Published evaluations of Fast Track have shown intervention-related reductions in externalizing behavior across the elementary, high school, and young adult years (e.g., CPPRG 1992 CPPRG , 1999 CPPRG , 2000 CPPRG , 2011 CPPRG , 2015 .
Elementary School Phase (Grades 1-5). During grades 1-5, intervention families were offered group intervention during a 2-h Benrichment program^that included children's social-skill Bfriendship groups,^parent-training groups, guided parentchild interaction sessions, and paraprofessional tutoring in reading. Tutors provided three additional 30-min sessions per week in reading and peer-pairing to improve friendships with classmates. Teacher consultation and a Fast Track adaptation of the teacher-implemented PATHS curriculum (Kusche and Greenberg 1995) which addresses social-cognitive skill development were implemented universally in grade 1-5 classrooms in intervention schools (except Durham, where it was prohibited) to promote social-emotional competence. Enrichment programs were held weekly during grade 1, biweekly during grade 2, and monthly during grades 3-5. In addition, home visiting helped parents generalize their skill learning and address individual needs. After grade 1, criterion-referenced assessments adjusted the prescribed dosage to match need.
Middle and Early High School Phase (Grades 6-10).
During grades 5 and 6, children received a middle school transition program and four parent-youth groups on topics of adolescent development; alcohol, tobacco, and drugs; and decision-making. In grades 7 and 8, eight Youth Forums addressed vocational opportunities, life skills, and summer employment opportunities. In grades 7-10, individualized interventions addressed parent monitoring, peer affiliation, academic achievement, and social cognition. All children received Oyserman's (1996) School-to-Jobs possible-selves intervention aimed at examining emerging identity.
Regarding intervention participation, 96% of parents and 98% of children attended at least one group session during grade 1. Of these families, 79% of parents and 90% of children attended at least 50% of prescribed group sessions. Participation decreased modestly across years, primarily due to residential moves. In grades 7-10, intervention continued with at least 80% of all children. High intervention fidelity was ensured by manualization, regular cross-site training, and weekly clinical supervision. Outside interventions were neither encouraged nor discouraged. The full protocol can be found at http://www.fasttrackproject.org
Measures
Past-Year Alcohol Abuse The Tobacco, Alcohol, and Drugs (grades 7-12) and Tobacco, Alcohol, and Drugs-Revised (1 and 2 years post-high school) assessment instruments (Bureau of Labor Statistics 2002) were used to measure past-year alcohol abuse. The instrument measured the number of days consuming 5+ drinks and number of days drunk in the past year. Because prevalence of alcohol abuse was low, a binary outcome was constructed where 1 = Bany past-year alcohol abuse^if participants responded any days of 5+ drinking or drunk, and 0 = Bno past-year abuse^if participants responded 0 days on both items. Technical reports and documentations are available from the Fast Track website (http://www. fasttrackproject.org/data-instruments.php). Over eight waves, 92.6% participants provided at least one wave of data and 84.6 % provided at least three waves of data. Attrition analyses compared the severity-of-risk screen score between those who provided at least one wave of data and separately between those who provided at least three waves of data, and those without any data found no significant differences for either intervention or control groups.
Genotyping Ten NR3C1 single nucleotide polymorphisms (SNPs) were selected for genotyping with the aim of optimizing the degree of genetic sequence variability accounted for by the fewest number of SNPs. There are many common DNA sequence variants within the NR3C1 gene. Clusters of these variants are in linkage disequilibrium (LD; inherited together and therefore non-independent). We used a reference database (HapMap version 3; http://hapmap.ncbi.nlm.nih.gov/) to identify variants that tagged independent clusters of variants (Dick et al. 2011) . The 10 SNPs identified through this tagging procedure were at least partially independent in the current samples: maximum linkage disequilibrium as measured by R 2 equal to 0.56 (EA) and 0.53 (AA) (see Supplementary  Fig. 2) . Genotyping of the 10 SNPs was conducted using DNA extracted from buccal cells collected at the phase 21-year-old Fast Track follow-up using a cytology brush. DNA extraction was performed by Penn State University. Samples were then shipped to the Virginia Institute for Psychiatric and Behavioral Genetics for genotyping. Genotyping was conducted using commercially available primer and probe sequences from TaqMan Assays-on-Demand (Applied Biosystems, Foster City, CA). Duplicate genotyping produced 100% concordance rates. For samples passing quality control (genotyping success rate >80%), call rates for the 10 SNPs ranged from 87 to 99%. All SNPs were in Hardy-Weinberg equilibrium (minimum p > .2 for EAs and AAs). Of 439 EAs enrolled in Fast Track, 62% (n = 270) provided a DNA sample that was successfully genotyped at NR3C1 (intervention n = 129; control n = 141). Of 452 AAs, 62% (n = 282) were successfully genotyped (intervention n = 143; control n = 139). For EAs and AAs separately, attrition analyses comparing the genetic subsample to the complete sample on the severity-of-risk screen score found no significant differences for either intervention or control groups. Severity-of-risk screen score did not differ between control and intervention children within the genetic subsample.
Analytic Strategy
All analyses were done in Mplus 7.2 (Muthén and Muthén 1998-2012) . Latent growth curve models were fit using maximum likelihood estimator with robust standard errors and a logit link function. Missing data were handled with fullinformation maximum likelihood (FIML). For latent growth curve models with binary outcomes, a continuous latent response variable y * is assumed that underlies the observed categorical outcomes y (i.e., alcohol abuse vs. no abuse) through a time-invariant threshold (see Supplementary Fig. 3 ). The mean of the intercept (η 0 ) of the latent response variable y * is fixed at zero for model identification and scaling (Masyn et al. 2014 ). Therefore, model-estimated linear slope (η 1 ) represents rates of linear growth through time over the latent response variable y * , and its exponential (e η 1 ) represents the change of the odds of adolescents having alcohol abuse relative to no abuse for one year increase. An unconditional latent growth curve model without any covariate or predictor was first fitted using all participants to establish the most parsimonious growth model. Preliminary analyses revealed a small and significant quadratic slope, as well as a non-significant variance for the quadratic slope. Therefore, the variance for the quadratic slope was fixed at zero in all subsequent analyses. Next, ethnicity (1 = BAAs,^0 = BEAs^), intervention status (1 = Bintervention,^0 = Bcontrol^), and covariates (gender, severity-of-risk screen score, age, cohort, and site) were included in the latent growth curve model to predict the intercept and linear slope.
In subsequent analyses involving NR3C1 SNPs, because genome structure differs across ethnic groups and allele frequencies vary between populations, analyses were conducted separately within EA and AA groups to avoid the potential problem of population stratification (Cardon and Palmer 2003) . Frequencies of the less common alleles ranged from 5 to 44% across the 10 SNPs (see Table 2 ). Because individuals may carry 0, 1, or 2 copies of a given allele, two models were tested for each SNP: an additive model (SNPs were coded as 0, 1, or 2 according to the number of copies of the test allele) and a dominance model (SNPs were coded as 0 if no test allele or 1 for the presence of 1 or 2 copies of the test alleles). To test the moderation by NR3C1 variants of intervention effects, a series of 10 latent growth curve models (one for each SNP) were fitted, where the same set of covariates, intervention condition, SNP genotype, and their interaction term were included to predict the intercept and linear slope. A modified Bonferroni correction was used to adjust for multiple testing involving 10 SNPs (Nyholt 2004) . After accounting for the linkage structure (correlations among SNPs), two sets of SNP coding schemes (additive and dominance), and separate testing for AAs and EAs, the adjusted significance criterion was p = .0014 for EAs and p = .00135 for AAs, respectively.
Results
As is shown in Table 1 , the prevalence of any past-year alcohol abuse steadily increased from grade 7 to 1 year post-high school in both AAs (7.5-25.5%) and EAs (11.5-51.3%), which stabilized at 2 years post-high school (25.3 and 49.9%, respectively). AAs consistently showed lower prevalence of any alcohol abuse in the past year than EAs. The unconditional latent growth curve model showed a good fit, log-likelihood (LL) χ 2 = 204.27, df = 237, and ns. For univariate model-fitted standardized residuals, overall LL χ 2 = 7.21, df = 8, and ns. There were a significant positive linear slope (μ =1.04, SE = 0.13, p < .001) and a negative quadratic slope (μ = −0.09, SE = 0.01, p < .001), suggesting a linear increase of the latent continuous response variable that represents individuals' liability of having any alcohol abuse through adolescence, which decelerated slightly post-high school. Translating the rates of linear growth into the observed binary outcome, it suggested that the odds of adolescents having any alcohol abuse relative to no abuse increased by 2.83 (e 1.04 ) per 1 year increase. The estimated variance of the intercept and linear slope was significant. Adolescents differed significantly from each other regarding their initial latent liability for alcohol abuse at grade 7 (σ 2 = 7.79, SE = 1.32, p < .001) and rates of linear increase (σ 2 = 0.35, SE = 0.06, p < .001). The intercept and linear slope were significantly correlated with each other, r = −0.64, SE = 0.05, and p < .001. Therefore, adolescents who had lower initial liability for alcohol abuse at grade 7 tended to show higher rates of linear slope. In the conditional model, intervention status predicted neither the intercept nor linear slope (Bs = 0.17 and −0.08, SEs = 0.33 and 0.07, respectively, ns). AAs showed a significantly lower linear slope than EAs (B = −0.18, SE = 0.09, p < .05). Therefore, for every 1 year increase, the change of odds of AAs having any alcohol abuse relative to no abuse was 16% (1−e −0.18 ) less than that of EAs. Controlling for covariates and adjusting for multiple tests, the main effects of NR3C1 SNPs and intervention status on the intercept and slope of alcohol abuse were not significant. However, in conditional models that included the interaction terms between SNPs and intervention condition, one SNP (rs12655166) significantly moderated the effects of intervention among AAs, but not among EAs (see Fig. 1 ). Results were the same for additive (see Table 2 ) and dominance models (see Supplementary Table 1) for this SNP. Intervention effects on the linear slope were stronger among AAs carrying C alleles of the SNP than those not carrying this minor allele (B = −0.97, SE = 0.24, p < .0001; for dominance effect, B = −1.02, SE = 0.27, p < .0001). Therefore, among AAs, for every 1 year increase, the intervention effect on the odds of not having any alcohol abuse relative to any abuse (i.e., preventing alcohol abuse) was 1.63 times stronger (e 0.97 −1) with each additional copy of this minor allele.
Discussion
Adolescent alcohol use remains a major public health concern that brings substantial economic costs and burden to society (Duncan et al. 1997; Newcomb and Bentler 1988; Rehm et al. 2009 ). To maximize the impact of interventions, efforts are being made to better match subgroups of the population with optimally effective intervention programs. This study examined the development trajectories of alcohol abuse through adolescence, and whether the impact of Fast Track intervention on the developmental trajectories was moderated by NR3C1 gene polymorphisms. Consistent with prior studies (Johnston et al. 2010; SAMHSA 2002 SAMHSA , 2013 , the proportion of youths who had alcohol abuse in the past year increased steadily through adolescence. Adolescents differed from each other in their initial liability and linear slope. This finding demonstrates the benefit of taking a developmental perspective on alcohol use in adolescence (Duncan et al. 2006; Schulenberg and Maggs 2002) . Additionally, AAs consistently reported lower levels and slower linear slope than EAs, similar to prior studies (Duncan et al. 2006; French et al. 2002; SAMHSA 2002) . Despite their lower levels of use, AAs who use alcohol experience more alcohol-related problems than EAs (French et al. 2002; Wallace 1999) . Therefore, it is important to examine ethnic differences in the Note. Bolded: p < .0014 for European Americans or .00135 for African-Americans developmental trajectories of alcohol use, as well as different risk and protective factors to develop more culturally sensitive prevention programs (Metzger et al. 2013) .
Current results indicated that a subgroup of the sample disproportionally benefited from the intervention. Consistent with genetic differential susceptibility (Belsky et al. 2007; Belsky and Pluess 2009) , intervention effects on the linear slope were stronger among AAs carrying C alleles of the NR3C1 SNP rs12655166 than those not carrying this minor allele. The plausibility of this interaction is supported by consideration of the biological function of the NR3C1 gene. Genetic sequence variation at the NR3C1 locus is established as a source of individual differences in glucocorticoid signaling within the HPA axis, a critical mechanism involved in human response to environmental stress and challenge (DeRijk et al. 2008) . When confronted with a perceived threat, the hypothalamus initiates a cascade of neuroendocrine signaling that mobilizes the body's resources toward resolving the threat. One component of this response is the release of the glucocorticoid hormone cortisol, which plays a key role in a negative feedback loop that inhibits further hormone secretion by the hypothalamus, dampens HPA axis activity, and helps to return the body to homeostasis. This inhibitory signaling is mediated by glucocorticoid receptor proteins encoded by the NR3C1 gene (DeRijk et al. 2008) . Dysregulation in glucocorticoid signaling process can disrupt the response of the HPA axis to environmental stress and has been implicated in a wide array of behavioral phenotypes including child antisocial behavior (Hawes et al. 2009 ). Polymorphisms in NR3C1 have been associated with glucocorticoid resistance and reduced HPA axis negative feedback (DeRijk et al. 2008 ) and adolescent alcohol abuse (Desrivieres et al. 2011 ). Therefore, it is possible that the association between the alcohol abuse and the NR3C1 polymorphism among AAs who carried the minor allele(s) that possibly led to dysregulated HPA axis function and subsequent response to environmental stress was mitigated when receiving interventions that targeted their socioemotional developmental skills and substance userelated skills and knowledge.
The NR3C1 moderation of intervention effects was only observed in AAs but not in EAs. One possible explanation relates to population stratification in genome structure and allele frequencies, which differs between ethnic groups (Cardon and Palmer 2003) . The susceptibility locus identified among AAs (rs12655166) may be a proxy for an unmeasured variant that is in high LD with rs12655166 in the AAs but not in the EAs. Therefore, it is possible that we did not effectively measure and test the NR3C1 variant responsible for differential susceptibility to intervention among EAs. Relatedly, different from Albert et al. (2015a, b) who found a SNP (rs10482672) moderated intervention effects among EAs on a static outcome (any externalizing psychopathology at age 25 years), the current study found another SNP (rs12655166) moderated intervention effects among AAs on a dynamic and different outcome (slope of alcohol abuse) in a different developmental period (i.e., adolescence). The lower levels and growth of alcohol use among AAs than for EAs, which could be attributed to differential community characteristics, peer and family processes (e.g., peer substance use, family support; Wallace 1999; Watt and Rogers 2007) , could have led to the finding of genetic moderation on the slope easier than for EAs, for whom alcohol use during adolescence is regarded as more normative. Ethnic differences in these base rates and developmental processes could partly explain these differences across studies.
There are several notable strengths of this study. All previous studies that have examined genetic moderation of intervention effects on adolescent alcohol use only examined differences in the levels of use at a particular age or follow-up (typically 2-3 years later) in homogenous ethnic groups and mostly focused on early to mid-adolescence (between 11 and 15 years old), when the prevalence is generally low. This study investigated developmental trajectories in a group of ethnically diverse children followed longitudinally from grade 7 to 2 years post-high school. This design provided the opportunity to examine individual differences in the rates of growth, which have been shown to be particularly predictive of later outcomes (Duncan et al. 1997; Mason et al. 2010) . A few limitations of this study warrant attention and should be addressed in future studies. First, the sample size in the genetic analyses was nevertheless small, especially as fitted to a complex model like a latent growth curve model. Replication with a larger sample size is needed for more robust conclusions. However, the experimental nature of this RCT of the Fast Track project provides more statistical power than correlational studies with equal sample size and also avoids the potential problem of gene-environment correlation (BakermansKranenburg and van Ijzendoorn 2015; van Ijzendoorn and Bakermans-Kranenburg 2015) . Second, only a set of tagging SNPs that provided a parsimonious summary of all NR3C1 variation was included in the analyses, as opposed to the complete sequence of the gene. Not necessarily a limitation itself because tagging aims to capture genetic variation sufficiently without extensive genotype, genome-wide data could provide the possibility of controlling for population stratification with more advanced techniques such as genetic principal components (e.g., Cleveland et al. 2015) . Third, while this study only examined one gene, NR3C1, it would be more informative in future studies to investigate cumulative genetic influences using polygenic scores (e.g., Brody et al. 2013b) . Fourth, the current study did not examine the mechanisms underlying the NR3C1 moderation of the intervention effect. Future studies could further investigate the extent to which genetically moderated intervention effects were mediated through putative proximal targets in the intervention (e.g., Albert et al. 2015a; Brody et al. 2014) . Lastly, and most importantly, given the increasing concern over non-replication of candidate geneenvironment interaction research (e.g., Dick et al. 2015; Duncan and Keller 2011) , extra caution should be taken when interpreting the findings. While the current study examines the theory-driven moderation of a gene selected based on its biological function with multi-year longitudinal data and rigorous measure of environment (herein intervention status), studies with much larger samples are needed to gain larger power to replicate and to more rigorously test the findings, as well as with comprehensive genotype data that could better control for population structure (e.g., Schlomer et al. 2015) .
Conclusion
Current findings highlight the importance of taking a developmental perspective and examining ethnic differences in developmental trajectories of adolescent alcohol abuse. The findings also indicate the value of incorporating biological information into developmental and intervention research. Our findings suggest that individual differences in the genome lead some individuals to be more malleable than their peers to intervention effects. More specifically, our findings suggest that the integration of genetics into prevention science raises the awareness of prevention researchers that individual genetic predispositions also play a crucial role in their responsiveness to intervention and offer insights into the complex developmental mechanism underlying risk and resilience processes that could inform future intervention for refinement. Genetically informed RCTs could be incorporated into future intervention research, such as utilized in microtrials, to identify intervention components effective for individuals with different susceptibility (Brody et al. 2013a; Howe et al. 2010) .
